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andJohnl?.lUakEW
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Theuseofwallpeml?oa’ationson s~onic difYusemto avoid
the internaloodmaoticm-nstioLImitstlcmis desorihd. Erperimmtal
resdLtsata Maohmniberofl.85 oaapmUminexy modelaPapn5brated .
difYWm havinga geamtaioimtemaloomhwsttoaratioti 1.49(the
Isearkropiov@m) are ~ented. A theamtloaldisonssionof the .

flowooeffiotarbsaswellas thesizeezulthespaoing* the
rtionsis alsoinolwled.Ata@esof attaokofOo,@, and ,&%-

~ pressmmreoovemieaof 0.931,0.920,arul0.906,rwspeotively,were

8
Owlined●

#

mmmxxmm

mpmmllio Mffuslonmay be Iwsteasilymm@mled ~ means
of a nmual shook. Associatedwiththis@mmMmms pooess is a
pmgreesi~edeoreasein thetotal-pwmu’ereomeryratioas theMaoh
lnmibais Inoreased.!l!helossesintotalpwwureaormstiheshook
msvbe minimized,however,by deceleratingtheSqpermnioStreamby
meaned? stremnoontmotiontoalow supem30nio2daahnmmberWfb3x3
theshookOootn!ao

Theusablestremnoo@raottitithe~ofsam deoelera- “
tionis limitedm s- typesof Sllpersonic$MfYw9er. IP the ~
Oontraotionratio(theedxanoeeu?eadit ibythethroa tarea)d
theuf’fuserismadetoo lal?ge,the eD&arloemassflowtillnot pass
~tie~of’*~=,&_tiU ooour,and anormal
Shookandbowmmoonfiguremmllnul foz!mdheadof the inlet. me
shookwillnot be swallowedagainbythediff’usermtilthetiternal
oontmotianallowsthemibsoniostreamMxlndmthenomal shookto be
aooehmted toa Maohznmiberofunityatthetbroat. ThisvalueaF
the Km&actiml ratiois lessthanrequiredfarisenhwpiosupamonic

.
%qemedes reoentlydeclassifiedlwm Reseaxohwmomndm ImmO

by JohnC. Ew?xrdandJcJmW. Bkkay, 1951.
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diffuser,eithera 10ssIn
orscanemeansmustbe pro-

Onemethodto pmmmt oholdngthathasbeeneffectivelyapplled
istoaoomplish thempersonlodimx!ion l!iheadofthalnlet(suoh
ss on a cmioal shookatefw=). Duringthestemtlngoperation,the
Stibamllomassflm ImMnd thenonualshook,*oh willnot passtbrol@l
thethroehof thediffuser,spillsoverthe edge. Ixmstig@ionsof
shookor spikedlffWershavebeen‘reportedinreferemes1 to 5.
AlthoughthepresstnwremveriesthatmW be obtainedwiththespike
am- em verysatlsfaotmy,the externalwavedragofthastype
diffaserisllkelyto belargeunlsssthe~ition ofthashooks ia
~~ Comtmiud. mwmmore, theM@ raomm?ieaof tutalpres-
suremqbe oMalnedorilyonsinglemitsbeoause,titha dlfY’userls
operatedIn Oasotie(suohas m a supersonlooompmmor) or lf the
~er la oonfinedas a semnd throatIn a supemmnlotunnel,the
flowspillageth@ allowsthediffuserto Start-llwbe p?ewmtea. “

The com?xgent-dim?rgenttypedifmsacImestigated~ Kaulmmitz
mMIDonaldson(ref.6) andby ~ttand Hunczak(ref.7)neednathewa
ashockin thevictnttyoftha emtranoe.ThisWffusershouMthare-
forebe lasscrltlcalwithrespeotto exkrnsLwavedmgthsn the
Shockuffuser. Becallsenospiuageisregytred farstl?mting,tile
diffusermaybeopamtedectthe desigllw~fioasoadem as
the seoondthroatof a sqersontcwindtunnel.Themaindisadvan-
t~ of theoonvergemt-dixergaxrtdiffuserinvestl@ed heretahreis
thatthe oodmaotionmutioon thempemmio pcmtlonmustbe lsasthen
the omtraotionratiozq@red to deceleratethefreestreamisentropZ-
oallyto mtty beoauseof startingMf’fioultiae.Thisdiffhserm
Inherentlyaompts a lossintotalpressure.In Sddittm$* ~
shookmustbS looatednearthetwoat of theafffm= for optimmuprea-
smerewvery and$consewentQ$ asliglxtinorea seinba okpressurema
musetheshookto3mup imwersl.ly dead d the Mlet, whioh le*
to a atitititim CMIU12EMmW - PJ39SEW0~.

A s~la mdlfloationWmt m be =e to theoonmmgesxt-dlver~
diffuser,wMoh remmm theaontmotion-ratiollmltatlonestdlMshedby
Kmtrouitz and DcmddsaQ (ref. 6) iS dmcribed. ReSUkbSObtd310ddXm-
ingrwmmer talmodelata Mechnum-~ 1946~ witha pmlhi=w qrlmm
bar of 1.65arealsoinoluded.

.-. . -.
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Imm!mm

z wmlsmn is attempted
d’ anornlalshookwillfarm*

or

by
of

F of refarenoe6 endthempersonio
established. Mer thisoondltiona htghpressuredif’ferentlalwill

3

meam ofa IWV83.Weade Ltm81nozzle,
theinletasrequirsdbythetheory
aiftmionWCXMS8 tin * bS

exist betweenthe Innerdl outerSurfaiea-af the cmwer~ portion
CXFthed3fftwr. H a suooesxkmof holesor pez5Wationsaredrilled
in thediffuser,partof thestionionsissflowenteringthe Znlet
tillpassthrou@ thepeMarat50na,theflowspilledoverthe MM
willdmrease,* theshookwillmm nesrerto the inlet(fig.l(a)).
m a sufficient mniber ciu?hales Is drilled in the aim8=, thenormsl
~shooktillpEiSStbrou@ the Inletas in fl@res l(b)and l(o).

AS theshookis swallowedby theaim28~, supemmio fhf till
be estdbllshedIn theoonVw?@ltmet. The dewlty andthes-to

9!d pressuretillthenhavelowvaluesoormepmdlngto the 100alsuper- ‘

3
sonioMaohnuaiberanda 10VpressuredtH%rantialtillexistaoross
theorwioes● Ltkewise,the orifloesbeomw lesseffeotiveas the

q’ MaohnumberIs InoreamilbeoausetheM@-speed * has lesstimeto

8 swerveti~stbrou@ theholeso Baohofthese faotwt ito
reauoethelossofMassflowthrou@lthepelmratiansasmmparedvml
thesubsonicregime.me pelmrationsthusaotas autamatiovalves,
tim 8rs~ am w stert* WOOOSS - p8mY 0bf3d (h tm
ofmessflowrate)ax opeumtlon.Themntraotionratioof the
oonver~-dlvsrgentam= ~ thenbe edxd.ed lmyod the limlt
0mgh8w a880md h r8f~ 6. In faot, if mldltionalmtranoe
areais Inoltiedto aooountforthemassflowlostthrm@ theholes
in thesupmsonloregime,o~sion to a Maohnumbern- unttyat
thetbroatmeybeaohlaml. A thwmtmal tmatmemtof ths areaai6-
tribublonof theperfomtirmsandtheaifmO= oross-seotionalarea
ambmon as a funotionofMaahnmher is presentedIn theappendix.

IYthearea of theperforationslsunifomlyinoreasedbem
the minimumValuereq” forshookentranoe,theshookmW be boated
at anystationIn the ~~~imti~e~mti theflow
~ * -t of thedifYuserwillbe s-onto. Mer theseoon-
dttlone,themassflowratetillbe oontinuouathrou@ theM?Yuser
ail in fad, If a transiemtpressureammdbanoe shouldforoetheshook
aheaaof theinlet,theshockwoulaagalnbe mallmed bytheaimlser
as soonas thedbturbanceceased.Thelrrewrsibk aiscontinui*ln
perf ormance associated with operationof theusualc~~-divargerrt
UJYuser is thuseliminated.Theactionof theperforationsIn the
controlof the~m~~obe~d.*

.. -.-.—. .— - -—.—- -— —.—- -— —. —-- — — -.. —. . , **-.
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A prellmiruqmodelof a perfomtadsupemoniodiffus~wasbuilt
f’oran invwtlgatknat a Maoh nmilxmaF 1.85in theM- by 18-inoh
supmmnlc tunnelat theK4CAIauisMborata’y. Thismdel, maohind
of pla8tlo(fig.2(a)),oonslstaof a oollmrginginlethamng an
internalgeometxiooontraotionratioof 1.49,the isentroplovaluefor
Maohxmmber& 1.85. The inlstwas &taohsato the50 Ooniml Subsonio
d~m ti~ infigureZ(b). Theflowthroughthe amm~ WaS
mntcolleaby a 900oonioal_ at theam= exit.

Theaibaonhportionof the am= wasthOm@lY instmmlentea
for Btatio--ure dista’mutims; total-anaStstio-prsssweaist??i-
mmQS * thsaifm~ dt WEW80~ lllthtllemke shownin
figlm 2(0)● The free-stresmtotalpressmsswareobtained,as a43f3dha
in mckWloe 7. Allpressureswere@otogra@ioallyremrded on a
multlple-tdbemroury manometerb-.

Bemuse theammf3= as firstimtallsain thesupersdo tunnel
haa Em insuffiohntIdber of perforations, the Ilcmm3. shook Wuula
not enterthe inlet. A multiplicityof raniiomdyS- helm was
~ Urillsdby a trailmum untiltheshookentersAthe inlet.
A photographof thefinalconfigurationis shusnin figure2(a). !5e
m~ aethedlffu68r*amg186&atta0k ot’0°,30,and50vas
aetem@elIfcwa Maohnmber of 1.850

=l!8 MD DMXlS8101Y

The total-pessurereomer’yratioObhi’nsawiththeprelimimmy
tiel d thsx=a-t8a s~OdO aiffh6= iS p~ ag8h6t +3MI
ratioof plemm-ohmdmrcmtletareato Mf’fuserthroatareainfig-
me3. Theportim of thecurveat arearatiosgreaterthanabout
1.2iS ~- a rmtm@hr hyperbola.(Seeref.7.) In
tblsregion,tbenassflowratethroughthem.ffuserinconstant.
It is therefmeof imlmrestto notethatthepointgivingthehighest
total-pressurereomeryratioat m measurd anglesof attaokfalls
to theleftaf thehyperbolicportionof theourve,whiohMIcates
tktthexmss flwrate throughthet&roatofthedlffuserhasdmsady
aeoreaseama thattheShOOkis stzmlizeain the omvargantportion
of theMffuser. !Chisstabilizationis a resultd’ theperforations
nearthethrofxt.Theportdon& the omve at m ratioslessthan
about1.2ocmes~ to ~@’8SSiVS movement& theshockt- the
inletuntilthemrmal shookemergesfromthe inlet(areamtios 1sss
thanshout0.60).

---- . - -— --
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~tiapmm’m=w O~a KLththeUSU31C~
M.vergeubdifftser(refs.6 and 7),the-mated dlffwermay qp-
sw~tti-mssurerecm frmeither branchofthe
curve(fig.3). me presmmerecuveryneed* be amtil.evaluedas
afunctionof thearearatio,norneedtherebe adiscontimityin
wemassflow throughthedlfmser. The Imwm&ible perfcmanceof
theperfora* MfYuser~Bb@&&th9COEtLd proMemlsof idernsl
ContrmtlonInletsforqpplicaticxlto sqerscmlcaircraft.(onthe
predhlnarymodelshounlnfig.2(a), theshockmovedintothelnlet
in a16* stepsratherthanContlmmlsly.!lMS@mmenon wasprcii-
ablycausedby localvariatlmwof theperfmated-mmadistribution.)

me IaaxiQm total-pressureremveryrdio ObtalneaWiththe
IMZW*ti aiffm~ ~ 0.931. l?hievalue~beompsredwlth
thevalueof 0.838obtaiIM on theoomer~-diwu?gti diffuser
of referenoe8. The theommoal mezhmlmalmwcd In referenoe6
for theoomer~nt-dimrgentdiffuserIs 0.89. Thusthe pa?l%rated
MfYmserhas ~w ~-d - theOorrtraotlcm-rstlo
limitationestdbllshdinrefermoe6 q 8e avoided.

The sensitivity of the pemfwstd aiffhf3~to ohangesin angle
of attack(fig.3) is lessthanthe mnsitivityof the mmergent=
dlmgent tgpeMffuser

‘ti’s?kT3rE == :x% ofSingleConicalshockMfflwxr
00,30,and50,thepwxmratedaiffusargavetatsl-~ssurerecov-
eryratiosof 0.931,0.920,and0.806,respemvE@. m ~sm-
recuveryratioof the aolible-shockcones(ref.4) wasmoresensi-
tivethanuastheperfmted Mffusertoanglssofa*.

m 6tdi0-~s~ ati~mtt~ ~OM t3Mm of *
dive-t ~i~ M thsaffim6~ m - h f- 4 fm _
d attaok& @, 3°, -5°. Theseoumas areusefnlIn looatlng
thenonualsbmkasthe outleterealg varied. Apparentlyon the
WZY~ Mff%ser,m tith8nglesof attaok,the shookIW be
looat~ forwardof thecoordinate0.32throatdiameter.Ho instru-
mentationwas inoltiedtn thethmxt nor in thempersonioportion
d * amt46~, Inaemmhas the inletWss Oonstruoteaae plastlo●

Statto-andtabal-pmsmredlstrllmtionsaorossthe diffuser
outletarepresentedIn figures5 aml6, respeotlvely,for snglas
of attaokof 0°,3°,and5°. As was expeotedfrm theresultsof
rsferenoe8, thestatiopmsmres werenearlyoomtant aorms the
plenumohdber. ThevariationsIn the total~sure therefme
indloatetheMaohnmiberaifkahbi~ in the plemnuohamber.

-. -—-- --. — --— ——— - —— --- .-—
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rt shouldbe emphasizedthat the results presentedforthepm+
foratedMffuserwereobtainedon thefimt pml&inary model,whioh
fofrthesakeofeqlemmoywasnot mmfully designed.Reflmmnts
are olearlyfeasible.

Theuse aP perfkmationeto Inoreasethepemfomenoeof 6uparr-
~~~ ===w==. -t ~1~ = ~ Gontraoticmhasmanypoten-
tialapplloations.Afewemmples amshowninf@ure 7. Bya
ocaibtnationof tka perfomtedandthe shook Mffusers, a mlnimmn
number of peworFrblons’uuula be requlrd and the Shoolm Uoula Stm.
be internally~* Otherconsiderationsmay requireM the
d3d3hMJerbe short. A mmpact perfaceteddiffuserq be builts-
by plaolnga groupae smallerpezforatalaiffm3m adjaoentto eaoh
UtheLr.Sllohan~ my alsoyielda more favorablevelooity
Mstributlonforsanepurpmea thanwouldbe possiblewitha single
Ulmlser of theS- exitarea. 81ntSlerly,thepezfozwteddiffuser
may be opemted in oasoade,as in thedesignof supmwmlo o~sors. ?
A perforated Mf’f’ueer should also qparatewhenoonflnd In a psss~
andq theref’arefindapplioatlonas theseoondthroatof a saper-
Boniolllndtunnel. titlllstypeof mmng9mmt, a aOt~th mm
oouldpmbdlilybe stabilizedin a tube. Theuseof pmf’orationsmay
evenbe spplledto eliminatethestartingdifficultiesof theBusemanu
biplane.Raohof Iiwsepalmntlalapplicationsreqp$reafurther.
resemmh to achim perfeotlon.

A shortpmMminewy investtgattonof a perforatedsupersonic
Mf’fuseret a Maohnmiberof 1.85for anglesof attaok,00,3°,-
50 gmethef olscmingrestllts:

1. Perforationswere a@ied to increasethesUowMle contrac-
tionratioof a c~~ sqerscmlcMffuser. A tc&l-
pssure recuveryratioof 0.9SLwas obtained with a perforated M.f-
_ tMIc~a KLth0.636fortw ~-~-- ~~

.

2. Theperforatedsupermmlodiffuserwas re~lvely lnsensi-
ttveto ohsngesin angleof attaok.!whil+mseurereommry ratios
of 0.931,0.920,d 0.906wereobtainedat anglesof tiaok of
00,30,and50,~otimly.

d

, ,.

. . — —- .— --— . -.
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., The use of perfaratiansmW be applledto eliminatethestsrtlng
afffimtk d s_Om pSSf3aSSSthat-MS = ~ 9Cmbx?30-
tion;henoe,theocmtraoticmratio~ be inoreasdlor the o~tlng
Maohnmiberrangemsybeexteded.

Lewisl12#ltProptiLsion Labomtom’y
Hatbnal Mvlscmy CcmadtteeforAemnautlos

Clemla@ CwO, n- 1, 1951

. .. . .. . . .—— .— .—. .—. .—— — ---- —— . -— —— --- —- —-



8 NAM TN 5767

APmmIx —MmEoDmRm.cmmmG -Am

sPAcIm or EEmEw!IonEl

IEtiiIIWMO12d f~ 00dfiOt-. - ~ -= tO Sta thsaif-
fuslonprooees,theIlonualshookmustbe ableto entertheUffuser
analIm’etuUl!mtthethmat.Thisentrsnoewtllbepemlttd lf the
pezYoraMans (Inoltiingthethrost)downstreamof theshook~ large
eno@ltoao owmodatethesubsantomassflawbahlmltheshook. The
llmttingoualitionooourswhentheflovthroughtheholesreaohes
SmltoVelooity.Her thisoonditlon,themassflowreheper unit

area furpazeoratlons&mw&eam of theshookbeocmss

(1)
.

Uhem

m

A

%

P

7

R

!!!

BaII

mass rate cd’fhm throu@ halesa~-~ of shook

psmmmla m

rtiio effeottveto aotualareaof wrforations*tmwm of
mnnal shook

tihal or Stagnsmm p?essure am- of normalshook

??sMo O& Speolflo beds

gas Ooulstant

tcrtd. temperatureof fluia

Jr++17-

~2
x

Thetotslpwsure P isafunotion of thelbohn-em M
whiohthenormslshookooOurSsnilisgivanintermsat’thefzwe-
strsmntotalpressurePO amithesupersonloshookMushnudber
as

St

M

i.

-.. . .—-- -.. .._ . ... . . _ .



lWCATN 3767

,

9

,

(2)

M ti~o a+t~ h -ma, w ~e Of th dm~
nluetIJeenlemgea6CmU3w?mtto aooountfarthe lme atmassflowt&ou@l
theperforationsu@memn of thenormalshook. Thefluwratethrou@
theperforationsIn the sqperso!nlopartlonof the&H’userllmybe
estimatid~ ~ of the~-~ - (=. 8) forflow
arounda oouner. If free4tremn statiopressureis assumed+ the
peXYordionm holeexit,the~sure differentialaorossthehole
is Justeufflolemtto aooeleratetheflawto themi@nal free-stream
MaOhnnuiber.TheflovwillturninthetioMty of theholsor~
nntll* free-streamMaohnumberisreaaheaawillthen~oeea
tithontfurther&WleotionuntilIt eitherpassesthroughthehole
~~~~~~~m-with thefaionof ashook.
The limitlngstmamllm denoted ~theooordhatesrtal fpisshoun
in the follolrlngSketoh:(m Scmeoases,thefinalMaahlimebeocmlee
~ ~ ~ -W ~h tiew s=aoe. !CheLtmltingstreamline
then~ruis onlyon thelwal MaohnudberandthepezYorationwl&th.)

I

Ltmttlng I
Streamline

DtHneerwall
~rl —1 ‘ma m

. . ..— ..-— . . ..— . —-. .—— — .—— --- __ ——
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!rhe8hookcmu3eabythe flow

NAC!ATN

finall&whlineanaluut&loanoellationofahook~ exDan9iallVaVm
W’iJl Ooom?. Beoauaelib artenzlauof theshookdeperds-onthesize
Ofl?l, thisdi6tanoeshouldbeemallto mimlmizeinbrnalshook
I.oesea.

5wmWnate angle Q af-Ecesiltl-Meyer-isafuno-
tionofthe MaohnudberamIq beoqpoted frautheequaticm

M2 . Atm2 kQ+ 1
G

h the qurtion of a stiesmlinein theexpanaionregionboundedby
thetwo Maohllne8~theratiooftherdii maybeobbainedae

.

3767

(5)

Alaofrcal lthegecnnetry

ro 1
~=

(6)
Ocme+tilinemt

.

Thecmg10 e betweenthefinallkohl.inetithe diffuserwallti

or,tiththeaidof equation(3), ‘

(3)

(4)

.- —. -——. ..— _ .. .
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lj=ajm-l:-~ [*-l(kJ’iGK=i)-tan-&/@ =l)]

The et’feotiveflowarea dA’ la givenaeJ

.

umroJ%A.———“-ml . M r. rl

CcaiMnationaFeqaatia (3),(5),(6),and (8)thusylelda

1

(7)

(8)

. a
1[l@(@-1)+1 1

#(l&-1)+1
-q@

Ome+slnecmt
.

(9)

wham the effeotlve area ratio ~afthenommal shook ~
Is givenby use of equation(9)aa

. .

1

006e+sineeut
.

(lo)

The mea flowooeffloiexrbthrou@ thehole6in * supersonlopm-
tionod?t heaiffuserwlllthenbe

(n)

.

.. ..—. ---- — —— —.- —. —. —— - - ---
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It shouldbe smphastzedthatin thederivationaf the ed’femtlve
areardlo @ thedxmnal ~wasaaaumed to be equalto the
f&ee—straauSttiiomm. m Scme- Eltatiopressureperslsta,
the ooadtna~ angle 90’ aE’theffnalMaohlineqbeobtdned
fhautheequation

~
,

()JL7
Po = (1+) 00s2~’ (13)

-’

Anyflowtbrou@ theholeswill, aF oourse, ourve the external stream-
llnesintheviolnityottha perforation-form all@t shook. As
a result,thehole+xttsttilo~ure tillimmwaseemdthemassflow
ratethrou@ theperforationsin the~onio reglmstillbe further
deoreased.

An indioatlaof therelathe effeotiveamssof * holesin
thesupsrsmxbdlmibaonio~ maybegalnedfroanftgure8.The

stremmnomualshook,haabeenplottsda aafunotionat’looalMaoh
nulihxrandremresexr&ilileSuuemsmlloMS flowrs& %hrol@ a mrf-
tion ahiafd ~ themassfti ratewiththenoamal&ok fiead-cd
thelnlstwhen & isl.oanlo.6. !HlefaotKh?Ztthequamtity

Q3fzz Isgenemuy lessthan unltyaaatmwi theaotioIl ae the per-

foratbns as auknulwo valves,alloulng* diffaserto IBt?lmtat lW
effectiveomtraoticmratioandto qperateat a him ed’f’eotlvewm-
traotimlrlxtio.

Esthtation at oross-seotionalti petiorationaxeaalstributiml.
5 areaof thepemt%rationsA andthe oross-aeotlomalarea 8 x
be wwzred positivelyfmamthe~ of theiliffus=(seesketoh).

#

.—-. — —-- .. ___ .-.
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Inlet

I
I
I

so ~ 51 S1 +
I
I

.

I

Theslibsoriptao ad lreferto theentranoeamdthethroa& d
thealffussr,respeotlw31y.l!kmthemsssflw rdetlmough the
area So mnstbeequal totheflovthrou@ thepedhxationsupstresm
da~-~0fthe~6h00k, plustheflowthrou@ thethroat.

Beoausethewallsof a dlffaserq be ZIy ourved,the edfeo-
tiveSubsontoarearatio & ar’thethroattillbe maa by UIllty.
Ontbemerh snd,thewallperforatlonsqberegarded assWa’p-
sdgedcnxlf’loesaml& fcathewall pexearattonstillbe lesstllml.
Aocxnxlinglyfor a fixedshookpositlanthemassflowratithro@ the

mnetamt In equatton(14),d-was thirrefcmetak& outstdethe lmte-
gralBlgn. Thequalrtlty~ till@neraUy de~upmthe Maoh

nlmibernearthel.ooalperforationW plxrti-g forMaohnlmhers
nearumtty. Intheabsenoeof~ deterdnstionsae &
foxtangentialOrlftoes
assuwilmnstanth the
lmitten

f

and In the intarest of simplicity,f& Is
~eaent analyHls. Eqluxtiom(14)may thenbe

(14)

—------ . ..—. ——.——— ——— —— —— . ..- —— - ———. —..
;
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mrtthera-.of
the pxmaxl Uf

m8ssflowt?u’en@*- so is la3pe*

(m

.
8

ilrtegratea Immesloauy by summingthe
fmtiegreteaexplicitly to @m

(17)

.

The qpazrti~ * ~ of eqtlstlon(17)Is givenfraaeqluztion(2)es

1(IP - 27(M2- 1)2 (m)
Fm=M(z*.7+l)(l ++@)

q be. oaupxtd tith the aid cd’ equatla (1.2),

(2).

o
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asauw3@bla
llouldbe

insuohamamucr astogive azeroofthesatm ordezr

~~ton (16)was SOhSd nUUW3?i~ f= = ~
vdmes d ~ = 1, 0.6,and0.5. me result- pkt
afunoticmof Mzohnmdberlsprresentedlnflgum9.
ptn%’tmaiied-areadlstrtbutlcm& the Saperm&iial model lb also
tnolwledm figure9. mthlsoul!’ve,thelossof massflowthlxn@l
theholesIn ‘MleSupemmlloregimeW’zsnegleoteda one~ional
floweqwxtlonsmre assmed to oaloulatetheMaohnmiber. Althou@
the eapedmntal ourvetiiosiwstheapproximatevalue& ~ the
holes- so ozndelydrilbd in thepmelimlznarytiel thatthepsr-
forsted ama is p’dx!ibly 1.s3?gerthan neoessary.

In cwder to obtain the hole-areadistributionA as a ftmotion
d thecaoss+eotionalarea S, a relatlonis req@redbetween S
sxilM. ~ relationtilldepemdm thepartloulardesi~ of the
diffuser.If ane-d*imal flowappll-, the mntraotlollratio
Oomwotedfcmm massflowthroughthepsa’forationsIn the Supemmnlo
parttonM glvan~ theequation

.

(.-~m+-=*.
Beoatme m = PO TO S0, equation (19)beo~

s4)
povoso-

A

~ conditionsat thethroat,

(19)

(20)
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J

(21)

~

SmtmcKm ana ~ of eqzatlcms(20)and (21)give

E!wxtlon (22) - SolvesnXmlsrioal17In o~im titllaqpa-
tton(16)f=an~tial Maohnm@mr otF1.65dvaluss& ~=1,
0.6,&ml0.5. Thsresultingplot& S/~ as a *ion ofMaab
mmiberIs pressntedinfi~ 10. Thevalueof S/~ at thefrse-
StrelmMaohnmdler1.65is tilegeolustrloContraoticmratiorequired
todeoelerate-mpersonlostream toalfao hnmibarofunityatthe
lzhrmst.Byaompaxisonti_tiwtiti thelsentropiooontrao-
tionratio,themassfluwlostthrou@ theholesmW be estlmatsd.
ltma~us & cd’ 0.6, the Peme—Se mass flow-t Is
1.57-1.495

1.425 xloo=5ps@o*a

1.

2.

(22)

.

0
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(a)hrmal shockaheadof inlet.

(b)Knmal shookpartlysuaIlowed.

(C)I?ormlshocknearthroat.

.

Figure1. -
area1s increased.

S*tlc progressionof shockas perikmated
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P. Pltottulle
a Static-prsssure

orifice
Pa Pitotstatict~e

1“
Cross se@ion at A-A (fi& 2(b))

(c) SchematicdrawingofpressureInstrumentationat diffuseroutlst.

Figure2. - Concluasd● =eliminm?ytestnmdelofperforatedsupersonic
diffuser.
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